Objective: To evaluate the association of community health indicators with outcomes for kidney transplant recipients.
cluding low birth weight, preventable hospitalizations, inactivity rate, and smoking and obesity prevalence. Recipients in the highest-risk counties were more likely to be African American (adjusted odds ratio, 1.59, 95% CI, 1.51-1.68), to be younger (aged 18-39 years; 1.46; 1.32-1.60), to have lower educational attainment (Ͻhigh school; 1.84; 1.62-2.08), and to have public insurance (1.46; 1.38-1.54). Proportions of recipients from higherrisk counties varied dramatically by center and region. There was an independent graded effect between health indicators and posttransplant mortality, including notable hazard associated with the highest-risk counties (adjusted hazard ratio, 1.26; 95% CI, 1.13-1.40).
Conclusions:
In a national cohort of patients undergoing complex medical procedures, health indicators from patients' communities are strong independent predictors of all-cause mortality. Findings highlight the importance of community conditions for risk stratification of patients and development of individualized treatment protocols. Findings also demonstrate that standard risk adjustment does not capture important factors that may affect unbiased performance evaluations of transplant centers.
Arch Surg. 2012; 147(6) : [520] [521] [522] [523] [524] [525] [526] . Published online February 20, 2012 February 20, . doi:10.1001 February 20, /archsurg.2011 February 20, .2220 N UMEROUS FACTORS CON- tribute to an individual's mortality risk, including biological characteristics, environmental conditions, behavior, and psychosocial conditions in addition to access to and quality of health care. Although research studies often focus on clinical factors associated with a specific intervention, the contribution of underlying health conditions, continuity of care, and cumulative exposure to risks in patients' communities indicative of environmental and social conditions may be significant and perhaps unappreciated predictors of outcomes. In the general US population, leading biological causes of death are heart disease, cancer, stroke, and chronic lower respiratory diseases. 1 Studies have also highlighted the prevalence and significant contribution of "actual causes of death," generally described as behavioral and modifiable factors that are not genetic. 2 Based on this definition, leading actual causes of death are tobacco, poor diet, a reduced level of physical activity, alcohol consumption, exposure to toxic agents, and motor vehicle crashes. 3 In addition, social factors, such as low educational level, racial segregation, low social support, and poverty, have effects on mortality that are comparable to biological or behavioral causes. 4, 5 See Invited Critique at end of article Author Affiliations are listed at the end of this article.
For kidney transplant recipients, well-documented clinical factors and biological conditions (eg, recipient and donor demographic characteristics, cause of end-stage renal disease, HLA antigen mismatching, and body mass index) areassociatedwithrecipientoutcomes.Thereisalsoevidence that outcomes are affected by certain behavioral factors, such as smoking and alcohol use, [6] [7] [8] [9] diet, and exercise level. 10, 11 Documenteddisparitiesinaccesstohealthcarebetweentransplant recipients are associated with processes of care as well as outcomes. [12] [13] [14] In addition, socioeconomic status is associated with posttransplant survival. [15] [16] [17] Cumulatively, substantial evidence suggests that factors beyond clinical and physiological conditions are strongly associated with mortality in the general population, and these factors also may pertain to transplant recipients. [3] [4] [5] Distinguishing sources of risks for patients is important to optimize care and to individualize treatment and interventions. Moreover, identifying whether risks and the extent to which those risks vary by region of the country and individual providers may have important implications related to quality assessment and payfor-performance initiatives. In particular, providers that treat large proportions of patients with risk factors that are not codified or that reflect conditions not directly associated with quality of care may be disadvantaged with regard to performance evaluations. Documentation of underlying risks and identification of potential systematic biases related to hospital performance assessments may improve prospective evaluations of quality, as well as mitigate disincentives to treat patients with unmeasured risks.
The aims of our study were to capture information that describes the environmental risks, prevalence of comorbidities, and psychosocial and behavioral attributes of the populations from communities where transplant recipients reside using data aggregated from several national registries. We then sought to evaluate the independent association of these community health indicators with transplant outcomes across the United States. We planned to evaluate characteristics of recipients who reside in regions with a higher prevalence of community risk factors and to describe the distribution by state and transplant center. Finally, we discuss the implications of community health indicators on hospital performance assessments. This study was approved by the Cleveland Clinic Institutional Review Board.
METHODS

DATA COLLECTED
The primary data source for the study was the Scientific Registry of Transplant Recipients (SRTR). The SRTR data system includes data on all donors, wait-listed candidates, and transplant recipients in the United States; these data are submitted by the members of the Organ Procurement and Transplantation Network. The Health Resources and Services Administration of the US Department of Health and Human Services provides oversight to the activities of the Organ Procurement and Transplantation Network and SRTR contractors.
We used zip codes of recipients in the SRTR database to merge data with health indicators collected at the county level. The county-level health indicators were derived from publicly available data that have been compiled through a Robert Wood Johnson Foundation project and the University of Wisconsin Population Health Institute. 18 These data have been aggregated from several national registries and surveys and the Centers for Disease Control and Prevention. We merged these data with the SRTR so that county indicators associated with each transplant recipient's permanent residence were available for analyses. From the available list of community risk factors, we selected 12 that we considered could be directly related to transplant outcomes or serve as reasonable proxies for community health, environmental and behavioral risks, social condition, or access to care.
We considered the following community health indicators (listed with the primary source) for analysis as predictor variables: years of potential life lost and proportion of low birth weights (National Center for Health Statistics); poor or fair reported health, poor reported physical health days, poor reported mental health days, and proportion of individuals reporting tobacco use (Behavioral Risk Factor Surveillance System); adult obesity and physical inactivity proportions (National Center for Chronic Disease Prevention and Health Promotion); preventable hospital stays and screening for diabetes mellitus (Medicare/Dartmouth Institute); illiteracy rates (National Assessment of Adult Literacy); and median annual household income (US Census).
CUMULATIVE COMMUNITY HEALTH RISK SCORE
We generated a cumulative community risk score for each recipient's county on the basis of the combined presence of health indicators. For each of the 12 indicators, we categorized prevalence into quintiles. We evaluated the association of each factor with recipient mortality after adjustment for standard risk factors. Two of the indicators (the percentage of diabetic individuals who underwent hemoglobin A 1c screening and the illiteracy rate) were not associated with outcomes or did not demonstrate a graded response and were not incorporated into the analysis. A cumulative score for each county was based on the remaining 10 indicators as the sum of each quintile above the lowest risk level. For instance, a county that was in the second quintile for each risk factor received 1 risk score for each of the 10 factors, resulting in a community risk score of 10. The range of scores possible was from 0 (if a county was in the top quintile [and had the least risk] for each factor) to 40 (if the county was in the bottom quintile [and had the most risk] for each factor). We selected this approach to measure the aggregate risk for each county and assumed an equal weight for each of the included factors. For the purpose of displaying results, we also generated county risk groups categorized on approximately the 10th, 20th, 50th, 80th, and 90th percentiles. To validate the risk score, we used a resampling (bootstrap) technique in which we extracted 1000 samples (with replacement) using the equivalent sample size as our original study population. For the primary analysis, we then replicated the Cox proportional hazards model for time to patient death for each sample. From the output of the models, we extracted the concordance index and the parameter estimate of the primary explanatory variable of interest (the cumulative risk score). Finally, we reported the empirical 95% CI of each of these statistics to represent the variability of the estimates and evaluate the likelihood of an overfitted model. 19 The study population consisted of adult (aged Ն18 years) kidney transplant recipients who underwent transplant between January 1, 2004, and December 31, 2010, and had available zip codes from their permanent residence. These years were selected because the county-level risk factors were also derived from this period. We evaluated recipient characteristics associated with the presence of county indicators and used the Cochran-Armitage trend test to evaluate linear associations of characteristics with increasing scores. We generated a multivariable logistic model to assess the association of recipient factors with residence in the highest-risk communities. We defined highest-risk counties as those with 36 or more cumulative risk indicators, which constituted approximately the top decile of the study population. Multivariable Cox proportional hazards models were used to assess the adjusted hazard of time to patient death and overall graft loss (defined as graft failure or death) associated with community risk factors. Each of the multivariable models was adjusted for recipient and donor demographic characteristics, recipients' primary diagnosis, whether the operation was for a primary transplant vs a retransplant, recipients' body mass index, recipients' primary insurance, recipients' educational attainment, HLA antigen mismatches, panel reactive antibody percentage, and deceased or living donor source. A 2-sided type I error probability of .05 was selected as the threshold for statistical significance. All analyses were conducted with SAS statistical software (version 9.2; SAS Institute, Inc).
RESULTS
From the target population, 13 029 recipients did not have available zip code information in the SRTR or in the county database. There were no marked differences in characteristics between the patients with and without zip code information available. The final study population (N = 100 164) consisted of 63% deceased-donor transplant recipients, 61% men, 26% African Americans, and 24% individuals with diabetes mellitus as a primary diagnosis. The mean (SD) age of the recipients was 50.3 (13.6) years and of the donors was 39.6 (14.9) years.
COMMUNITY RISK FACTORS
The mean (SD) cumulative community risk score for the recipient population was 19.9 (10.2) . Approximately 10% of recipients resided in counties with a cumulative risk score of less than 6, and 8% of recipients resided in counties with a cumulative risk score of more than 35.
Recipients in higher-risk counties were less likely to receive a living-donor transplant, undergo a preemptive transplant, have private insurance, or be older than 65 years. In contrast, recipients in higher-risk counties were more likely to be African American and have a higher body mass index ( 
POSTTRANSPLANT OUTCOMES AND COMMUNITY HEALTH INDICATORS
The distribution of individual community health indicators is given in eTable 2. Relative to patients from counties with the lowest presence of risk (lowest 20th percentile), each factor demonstrated a significant association with mortality after adjustment for clinical risk factors ( Table 2) . Factors generally demonstrated a dosedependent association and had at least 10% increased hazard with the highest-risk quintile.
One-year overall graft survival rates varied from 91.4% to 94.1%, and 6-year survival rates ranged between 67.5% in the highest-risk group to 78.1% in the lowest-risk group (Figure 1) . Patients from the highest-risk counties were associated with significant unadjusted hazard for overall graft loss (hazard ratio [HR], 1.50; 95% CI, 1.39-1.63) and posttransplant mortality (1.45; 1.31-1.61). For mortality and overall graft loss, we also found a statistically significant dose-response-adjusted association with the cumulative risk score, including a 26% hazard for mortality (adjusted HR [AHR], 1.26; 95% CI, 1.13-1.40) with the highest-risk counties (Figure 2) . The association of highest-risk counties with overall graft loss (AHR, 1.21; 95% CI, 1.12-1.32) and death-censored graft loss (1.18; 1.06-1.32) were also significant. The association of the cumulative community risk score with mortality was relatively consistent by adjusting for the center-level proportion of patients from higher-risk counties. The association of the highest-risk counties with mortality was stronger among counties with larger populations. Among counties with populations of more than 90 000 (the approximate median level), the AHR of patients from the highest-risk counties was 1.39 (95% CI, 1.19-1.62).
The overall contribution of the cumulative risk score to the explained variation of the posttransplant mortality Cox proportional hazards model was moderate. The type III Wald 2 statistics contributing to the log likelihood of the Cox model indicated that the cumulative risk score explained more variation in the model ( ( 2 2 =23). However, the explained variation was significantly less than those for recipient age ( ( 2 1 =326). The concordance index of the Cox model for time to patient death was 0.71. Based on the bootstrapped 1000 resamples, the point estimate (empirical 95% CI) for this estimate was 0.709 (0.703-0.715). The AHR of the primary explanatory variable of interest (ie, the cumulative community risk score) when considered as a continuous variable was 1.03 per 5 units of the risk score. The point estimate (95% CI) based on the bootstrapped samples was 1.031 (1.022-1.041). In addition, when we weighted the effects of the community risk score based on the estimated effect of each component (rather than weighting each risk factor equally), the association of the community risk score increased slightly (AHR, 1.032; 95% CI, 1.020-1.043).
REGIONAL VARIATION IN PRESENCE OF RECIPIENTS FROM HIGH-RISK COUNTIES
The mean cumulative community risk score by transplant center was 20 (eFigure 1). The proportion of recipients in counties with a risk score of at least 20 ranged from 0% to 97.5% between centers. Ten percent of centers had recipients with a mean risk score of 10 or less, whereas 10% of centers had a recipient population with a mean risk score of 31 or higher. As displayed in Figure 3 , this variability was also highly significant at the state level. Recipients from 2 states (West Virginia and Mississippi) were in counties with mean cumulative risk scores higher than 35. In contrast, 5 states (Connecticut, Vermont, Utah, Minnesota, and Hawaii) had a recipient population residing in counties with mean risk scores of less than 10. Individual county cumulative risk scores are listed in eTable 3.
COMMENT
There are several principal findings of our study. First, there is wide variation in health indicators from the communities of kidney transplant recipients in the United States. Second, recipients who are younger, are African American, have lower educational attainment, and have public insurance are more likely to reside in communities with poor health indicators. Third, community health indicators are significantly associated with posttransplant mortality independent of traditional risk factors and explain more variation in outcomes than many factors considered clinically relevant. Finally, the prevalence of community health indicators varies markedly by region and individual transplant center.
Cumulatively, our findings indicate that underlying factors in the community are important for risk stratification of transplant recipients. The substantial regional variation of risks and the failure to account for them in quality assessments indicate sources of potential bias for center performance evaluations. Inclusion of community risk factors in models evaluating provider performance may alleviate disincentives to treat patients from high-risk communities. Further understanding of the mechanisms by which community health indicators are associated with diminished outcomes and the development of interventions addressing these risks may improve long-term survival for kidney transplant recipients.
There are a number of potential explanations for the association of community health indicators and transplant outcomes. Health indicators evaluated in this study included characteristics describing comorbid conditions, socioeconomic status, access to care, and behavior. Potential explanations for our findings are that these aggregate community measures are proxies for individual patient factors and that the association with poorer outcomes reflects these risks, which are not traditionally codified. Access to primary and specialist care is likely clustered within communities and can be reflected in outcomes. 20, 21 The behavioral and socioeconomic conditions of the communities in which patients reside may also reflect risks that patients are exposed to in their environment before and after undergoing transplant but that are not consistently documented. However, it is also important for interpretation of our study findings that ascribing broad area risks to each individual within that area is an ecological fallacy. Thus, although there appear to be significant risks associated with certain communities, it is inappropriate to directly assign risks to individuals within that community.
An important consideration for the study findings in this and other health care contexts is the association of community health indicators and performance indicators. In transplantation, the recent Conditions of Participation by the Centers for Medicare and Medicaid Services 22 explicitly aligns transplant center performance with program credentialing. In addition, for many other health care contexts, report cards and quality performance assessments have increasing ramifications on hospital reimbursement. The profound regional variability of community health indicators implies that the degree of systematic bias between providers may be substantial. 23, 24 In general, health care providers that more commonly treat patients from higher-risk communities may be more likely to lose reimbursement and credentialing of their programs. [25] [26] [27] In fact, there is evidence that transplant centers use more conservative criteria as a consequence of receiving poor performance evaluations and may exclude patients from care. 28 Therefore, in health care contexts in which there are mechanisms to select patients for treatment, failure to account for community risk factors could lead to diminished access to care for patients who may already be experiencing disparities in access to care. Alternatively, incorporating community risks into performance evaluations may alleviate conscious or subconscious barriers to care for patients from higher-risk communities. There are several limitations for interpretation of our findings. First, there is clear heterogeneity of risks within counties. By applying a county-level health indicator to individuals within counties, a clear degree of misspecification is evident. However, this limitation would tend to dilute effects, and the fact that county-level health indicators were associated with outcomes despite this lack of granularity suggests that effects may be stronger if measured at a more specific level. 29, 30 Second, the study was not designed to identify specific mechanisms for associations but rather suggests that community-level factors are sources of unexplained variation in outcomes. Third, it could be argued that adjustment for community risks may implicitly provide an "excuse" for poorer outcomes among certain patient groups rather than charge providers with attaining equivalent outcomes despite patients' individual needs. Finally, it is possible that community-level measures used for this analysis included transplant recipients even though transplant recipients likely represent only a few people in a county.
In summary, the principal findings of our study are that community health indicators are significantly associated with transplant recipient outcomes. These indicators are independent of traditional clinical risk factors and are highly variable across the country. The impact of these risks for providing unbiased measurements of transplant center quality is important for future study, as well as for proper interpretation of program evaluations by regulators, caregivers, and patients. The potential for improving access to care to vulnerable populations by accounting for these risks is an important consideration for future study and for policymakers. Further understanding of the mechanisms for these associations and potential interventions are needed to improve patient outcomes, minimize disparities, and elucidate the most effective individualized treatment planning. uantifying surgical performance has always been an inescapable aspect of our profession. Traditionally, this has focused on the individual. A benefit of emphasizing individual performance is the concept that each surgeon assumes a lifelong commitment to improvement and learning.
The focus on outcomes as dependent on the individual extends to the surgical patient as well. A multitude of surgical patient risk-stratification schemes exist, some well known and validated, others resigned to trivia. The field of transplantation has been at the forefront of evaluating and implementing measures of outcomes.
Unfortunately, focusing solely on individually measured data obfuscates the underlying complexities of optimizing patient outcomes. Schold et al 1 demonstrate that kidney transplant outcomes are affected by more than ARCH SURG/ VOL 147 (NO. 6), JUNE 2012
